INTRODUCTION
According to Portugal's Millennium Ecosystem Assessment (Pereira et al. 2004) , inland waters are in the worst condition of all systems in terms of ecosystem services provision in continental Portugal. This study draws particular attention to the problem of water quality, emphasizing the fact that several rivers are heavily polluted from industrial, farming, and domestic activities, with eutrophication occurring in some basins (Pereira et al. 2004 ).
Furthermore, in 2007, the Portuguese National Institute for Water (INAG) classified 35.8% of their surface water monitoring stations as having "Bad" or "Very Bad" water quality status and 37.9% as "Reasonable" (SNIRH 2008) . These three The dynamic equilibrium existing in Mediterranean streams is achieved through ecological processes, social processes, and the interaction dynamics between them. This is the case of many landscapes in Europe, which have been shaped over long periods of time by human activity. The Mediterranean region has a very particular heterogeneity and diversity of landscapes-a mosaic-that has resulted from its particular geomorphology and very long human occupation (Blondel 2006) . This understanding of Mediterranean streams as coevolved systems is rooted in Norgaard's concept of co-evolution, defined as a process of coupled change between practices, values, and the biophysical environment by Kallis (2007) . From this perspective, both materially and cognitively, humans adapt to their environments, and also change them actively and adapt to their transformations; and new environments change human practices and ideas (Kallis 2007) .
The adopted co-evolutionary perspective of Mediterranean streams poses particular challenges to the understanding of ecosystems and local human communities, as they are intrinsically linked and the nature of this interaction varies greatly across small distances (along with the mosaic of landscapes), increasing the number of human-nature and other biotic interactions, and enhancing biodiversity. This characteristic-diversity across physical spacemakes the management of these ecosystems challenging.
Understanding ecosystems as a co-evolutionary whole that includes social, ecological, and economic dynamics, requires an interdisciplinary approach. Different authors have emphasized the need for integration in research methodologies and analysis of most environmental systems; the field of integrated assessment provides many examples of the added value of integration, and its importance is stressed in the literature (van der Ploeg et al. 1987 , van den Bergh and Nijkamp 1991 , Antunes and Santos 1999 , Argent et al. 1999 , Rotmans and Asselt 2001 , Duraiappah 2002 , Pope et al. 2004 ).
The literature has also underlined the need for and importance of a social and human dimension in natural resource management and of transdisciplinary integration of knowledge, i.e., integration of different complementary types of knowledge, as well as its benefits (Donovan and Puri 2004 , Fielding et al. 2005 , Xu et al. 2006 , Kessler 2007 , Ballard et al. 2008 , Spash et al. 2009 ). Silvano et al. (2005) show local ecological knowledge is an important keystone to the design and structure of natural resource management strategies and cite several authors who report that local ecological knowledge combined with scientific information has proven useful to the management of ecosystems. Moller et al. (2004) argue that, in addition to building partnership and community consensus, the integration of scientific and traditional methods and knowledge allow local communities to critically evaluate scientific predictions in their own terms and test sustainability using their own forms of adaptive management.
At the policy level, the Water Framework Directive (WFD) draws attention to the importance of the social dimension of water management and recommends the adoption of participatory approaches, inclusive of social agents' knowledge and actions. The WFD also recommends the adoption of ecological approaches to water quality monitoring, approaching surface water management in a holistic and ecologically integrated manner, prioritizing an approach that is founded in the ecological functioning and riparian ecosystems http://www.ecologyandsociety.org/vol14/iss2/art35/ integrity assessment, rather than in strictly physical-chemical parameters.
The co-evolutionary perspective adopted demands that the importance of unity and structural functioning of social-ecological systems is explicitly addressed, which requires: (i) a focus on the interactions between the systems; and (ii) consideration in the analysis of the system as whole (bigger than the sum of the parts), and as such, a new unit for the analysis, termed "human-nature aggregates," where the main focus is on the specific local relationship between human systems and ecosystems-human-nature relationship-and both are recognized as part of the same whole. It is this perspective that underpins the proposed humannature relationship analysis.
By framing the proposed approach in this way, the importance of transdisciplinary integration becomes even clearer, as the focus on specificities of local knowledge, beliefs, and use of resources cannot be addressed by expert knowledge alone.
Using the concept of co-evolution and from a natural resource management standpoint, the objective of this paper is to illustrate the contributions of a human-nature relationship analysis to surface water management at local scale in rural Mediterranean regions. In order to achieve this objective, the paper presents the ways which interaction in social and ecological dimensions can inform and improve management in the selected case study.
METHODS
To explore the ways in which interaction between social and ecological dimensions of Mediterranean rivers at the local scale can inform and improve the management of water and streams in rural systems, we adopted a critical realism perspective, i.e., we assumed that the analysis, integrating different forms of knowledge, would allow us to be closer to ontological reality (Pratschke 2003) . To apply that, we adopted an inter-and trans-disciplinary approach, shedding light on complementary realities of co-evolved social-ecological systems, i. e., we opted for an integration of expertise from different disciplines and as well an integration of expert and lay knowledge, in order to have a clearer vision of reality from the natural resource management point of view.
We performed an experimental design, based on the complementarities between methodologies from the social sciences and from the natural sciences. From the social sciences, a value survey and an analysis of discourse allowed detailed analysis of in-depth interviews with local people that were informal, flexible, open, and inclusive of information and variables interviewees wanted to bring in. This enabled the beginning of a bottombottom knowledge-building process, with scoping in natural resource management issues and establishment of personal links (with potential for future use in participatory processes). From the natural sciences, biomonitoring and integrity biotic indexes allowed an ecological approach to water quality and stream ecological status. This approach emphasizes the assessment of ecosystem functioning, temporal integration of pollutants present in water along time, and the biotic response to pollutants, over traditional physical-chemical punctual measures of water quality. At the same time, these methods from ecology enabled use of a dense net of sampling at low cost.
Study Site
The study area is the Monfurado site (Natura 2000 network) in Alentejo, Portugal (Fig. 1) . The site was selected because it is among the richest hydrographic networks in the Alentejo, in southern Portugal, a region characterized by sub-humid Mediterranean climate and dominated by cork-oak (Quercus suber) and holm-oak (Q. ilex) montado landscape. Furthermore, this is an area that experiences conflicting land uses: being a Natura 2000 Site, conservation is a priority, but most of the area (more than 95%) is privately owned and the main socioeconomic activities are extensive cork exploitation combined with livestock production, mainly extensive and developed on a large production scale.
In this area, the pressures on stream ecological functioning are: (i) natural torrential water flow regime, (ii) diversion of water for cattle use and agriculture irrigation, (iii) change in precipitation regimes over time, (iv) pollution runoff from extensive and intensive livestock, and (v) landholders' stream management practices, (which are connected to their beliefs, values, cultural habits, and aesthetics). To allow a dense net of analysis within the case study area, around 40 sampling sites were selected in the streams of Monfurado (the site's total area is 23 ,946 ha) (Fig. 1) . The private properties existing in each sampling site were identified (Fig. 1) , as well as 32 corresponding landholders.
Ecological Dimension
Water quality was assessed in the sampling sites using transplants of the bryophyte Fontinalis antipyretica Hedw., largely used as a biomonitor for water quality in freshwater ecosystems (Mersch and Reichard 1997 , Vázquez et al. 1999 , Cenci 2000 , Figueira 2002 , Martins et al. 2004 ). The transplants were collected from the control site at Arronches Stream in the São Mamede Mountains and placed in sampling points of the study site, using the transplanting system proposed by Cenci (2000) . From September 2004 to June 2005, the transplants remained in the streams of Monfurado for periods of 3 months, after which they were immediately replaced with new transplants, fulfilling three sampling periods and covering three seasons. After collection, 3-cm apical segments of the transplants were analyzed for their content of several pollutants: the metals copper (Cu), zinc (Zn), manganese (Mn), iron (Fe), lead (Pb), nickel (Ni), and arsenic (As) through atomic absorption spectrometry after acid digestion; total carbon (C) and nitrogen (N) by elemental analysis (EuroVector Ea3000 CHNS-O http://www.ecologyandsociety.org/vol14/iss2/art35/ Element Analyzer); and ammonium (NH 4 + ) by colorimetric techniques. Finally, the vitality of transplanted mosses, an integrated estimate of the stress imposed on the organism (potentially by contaminants), was also assessed using fluorescence of chlorophyll a measured after dark adaptationFv/Fm (Branquinho et al. 1997 ).
To assess the ecological status of streams, the information provided by biomonitors was combined with a plant-based integrity biotic index (IBI), a tool that has been increasingly used and recognized for its capacity to inform about the overall ecological condition of riparian habitats (Salinas et al. 2000 , Ferreira et al. 2005 , Miller et al. 2006 , Reiss 2006 . The IBI selected to apply in the case study was the index Qualitat del Bosc de Ribera -QBR, proposed by Munné et al. (2003) for assessing riparian habitat quality in Iberian rivers. This index ranges from 0 -100% and is the sum of four components (0-25%): total riparian cover (the proportion of well established vegetation in the riparian area, considered tree and shrub strata existing in the margins of streams); vegetation cover structure (the relative proportion between tree and shrub strata); cover quality (the proportion of native and nonnative species and communities considering the geomorphologic type of the river-upstream or downstream); and river channel alteration (the level of human alteration of the river channel). The index was applied in 50-m stretches of the river at each sampling site.
Human Behavior Dimension
The private properties including each sampling site were identified (Fig. 1) ; 32 landholders were identified for these properties. Landholders, for the purposes of this study, are defined as property owners who are active in the management of the property or, if the owner is absent, whoever is in charge of managing the farm and who has decisionmaking power regarding the daily management of the streams as well as having a high socioeconomic interest in them.
Each landholder was then contacted and interviewed in a non-structured interview using the check catalog presented in Appendix 1. This was done by using a range of open-ended questions and conversation topics that aimed to capture their values and their experiences of social, environmental, and water problems in the region as well as their visions, interpretations, and perceptions of control. The main drivers of the conversations were related to regional and national problems regarding the environment in general, water issues, and riparian systems; possible solutions for the identified set of problems; considerations about governance and social change; advantages of having riparian systems on their properties and values of these systems; conflicts resulting from common management of these resources with neighbors or other stakeholders; management practices of the streams; and finally considerations about agriculture and rural lifestyle and abandonment. The interviews were taped and then transcribed. Results illustrate landholders' values, place attachment, beliefs, aesthetics, environmental and civic awareness and visions, conceptualizations of streams, stream conservation practices, and visions of solutions/outcomes for problems identified.
Data Treatment
The data collected in the human behavior component of the analysis required a period of interpretative data treatment, described below, but the data deriving from the ecological component did not require such a procedure.
Transcriptions were initially submitted to a semiquantitative analysis to survey the values of streams to landholders in this area. The data were organized according to use/non-use, economic/non-economic, and past/current values, but the data were not monetarized. These categories are derived from the taxonomy of the total economic value framework, which systematizes in a consensually recognized and well-established framework (International Union for Conservation of Nature (IUCN) 1998, Rietbergen-McCracken and Abaza 2000) the ways in which ecosystems contribute to human wellbeing. Secondly, transcriptions were submitted to an analysis of discourse, with the support of the software NVivo 8 (QSR 2008), with the objective of characterizing qualitatively the narratives regarding: (i) environmental awareness, scoping of needs, and significance of problems for local populations; (ii) perception of control and sense of purpose in social-ecological change; (iii) place attachment and belonging; (iv) existing stream concepts; and (v) common stream conservation practices. http://www.ecologyandsociety.org/vol14/iss2/art35/ Finally, these results from the human behavior dimension were compared and when possible (i.e., among quantitative data) correlated with an extensive database with all the levels of information provided by the ecological dimension of the study.
RESULTS AND DISCUSSION
The first section below presents the ecological characterization of streams in Monfurado in terms of their conservation status and levels of water pollution, i.e., ecological impacts from human activities in the area. The second section presents the social characterization of streams, detailing their social role as described by landholders. The third section explores how the social valuation of streams varies in relation to their ecological status valuation by presenting and exploring the correlations between the two sets of information. The fourth section describes the stated management practices on streams by landholders and the fifth section describes the conceptualization of streams by landholders. These two latter sections together allow the characterization of human shaping of streams in the present and their preferences and ideals for the future. The fifth section also allows an understanding of why landholders shape streams as stated in the results shown in the fourth section.
A final section synthesizes how the previous sets of information illustrate the human-nature relationship in Mediterranean streams of Monfurado and discusses its contribution to water management.
The Ecological Status of Streams
In order to characterize in general terms the condition of streams in Monfurado, Table 1 shows several statistical parameters obtained for the main ecological indicators assessed.
In the Monfurado site, no significant increase in relation to control concentrations in Pb and Ni was observed in the biomonitors. Parallel studies show Fe, Mn, and Zn increase with increasing sediments in the streams of Monfurado (Branquinho et al. 2007 ). In Monfurado streams, Cu, Zn, As, Fe, and Mn were related to land uses such as permanent agriculture, pasture, the number of cow equivalents, and septic tanks or direct domestic effluent discharges (Branquinho et al. 2007) .
A low C:N ratio indicates an excess of N in moss that accumulates and is not used for growth (which is indicated by C levels), so low C:N indicates an excess of N levels and potential eutrophication. Most areas of Monfurado present problems of eutrophication, which are connected to a high level of farm development and cattle exploitation, as well as to effluents from the populated areas (Branquinho et al. 2007) . It is possible to see the total average of NH 4 + for the streams in Monfurado is considerably higher than the values presented in the control site (Table 1) , which signals an enrichment of this form of N and eutrophication problems in the streams in Monfurado.
The plant-based IBI QBR shows average values for Monfurado of 68%, indicating an overall satisfactory status of conservation. The Total Riparian Cover is the sub-component of the QBR showing the lowest values overall, with an average and median of 10 out of 25, revealing the existence of many streams with little or no well-established vegetation cover and in early stages of succession. The channel alteration shows streams are not very artificially modified in the area and the streams still have some space and structure to resist, mitigate, adapt, and change according to natural dynamics. Cover structure indicates an overall equilibrium and quality in the relative distribution of shrub and tree strata in the riparian forest area, with average 18 and median 20 out of 25. Finally, cover quality shows high values overall, indicating a high number of native species present, with average of 18 and median of 23 out of 25.
The Social Role of Streams
As shown in Figs. 2 and 3, over recent decades (30-50 years, according to the questions in Appendix 1) there has been a transition in the way riparian systems have been used by people. Local populations were previously more dependent on riparian systems, which supplied basic needs like food provision (provision of water for human consumption, irrigation for subsistence agriculture or fishing) and personal hygiene (washing clothes and bathing). Nowadays, riparian systems are equally structuring, but in diverse ways: they are connected to the current main economic activity (extensive livestock production), contributing to this activity as water source for reservoirs, direct water source, and shading and microclimate, which protects animals during the summer (riparian forests Table 1 . Size of the sample (N), Mean, Standard Deviation (SD), Median, Minimum, Maximum Values and Values in the Control for (i) the pollutants measured in the biomonitor: copper (Cu) (µg/g DW), zinc (Zn) (µg/g DW), manganese (Mn) (µg/g DW), iron (Fe) (µg/g DW), lead (Pb) (µg/g DW), nickel (Ni) (µ g/g DW), arsenic (As) (µg/g DW), total nitrogen (N) (%/DW), the ratio between total carbon and total nitrogen (C:N), ammonium (NH 4 + ) (µg/g DW); (ii) vitality indicator of the mosses measured by Fv/Fm in relation to the values in the control per season (%); and (iii) the QBR index total score (QBR Total) (%) and its four components (TRC = total riparian cover, CS = cover structure, CQ = cover quality, and CA = channel alteration; ranging from 0-25%). Ecology and Society 14(2): 35 http://www.ecologyandsociety.org/vol14/iss2/art35/ are used in this way). Moreover, riparian systems are currently valued for activities related to leisure and hunting, as well as for their existence (conservationist values) and for their beauty (aesthetic values). Finally, it is also interesting to note that in the current uses of streams, the scientific use of streams appears to be relevant to landholders.
Fishing and water for human consumption uses have decreased over time. This could be related to the increase in artificial surface water retention, small reservoirs, which cause low water flow in general and may increase the xeric period in streams (meaning streams tend to have more months per year with no water flow at all). Another reason could be the increase in aquatic pollution, frequently cited by landholders, resulting from higher anthropogenic pressures and aggravated by pollutant concentrations associated with the cited lower water flow, which can also impact both uses. Furthermore, the decrease in human consumption of water from streams might be associated with better living conditions, e.g., piped water in dwellings and access to bottled water.
Ecological Status and Social Role of Streams
To explore how the ecological valuation and the social valuation of streams relate to one another, Pearson correlations between the two sets of information are presented in Table 2 .
Results show interesting correlations between (i) use values and economic values and (ii) QBR total score, total riparian cover (the proportion of established vegetation cover-tree and shrub strata) and cover structure (the relative proportion of tree and shrub strata) ( Table 2) .
Among the variables listed, the best correlation coefficients (R) are between: (i) the use values identified by the landholders and the total riparian cover, and (ii) the use values relevant to the economic activities developed, termed economic use values, and total riparian cover (Fig. 4) .
The relationships in Fig. 4 make it evident that landholders using streams with higher riparian cover levels recognize in them more utilitarian value and more economic value, as well as more inputs for their activities. This finding contradicts the landuse conflict in the case study described above: nature conservation vs. economic development. Streams with higher vegetation cover, which is a positive factor contributing to the ecological status of streams from an ecological point of view, are regarded by landholders as inputs for their economic activities. As these comprise mainly farming, cattle, tourism, and sport hunting, activities that take advantage of the riparian forests of streams, the relationship makes sense.
High correlation coefficients (R) between the number of lost use values and the QBR total score and total riparian cover (Table 2) , combined with the correlations discussed above, suggest that some of the features of streams that were valued in a utilitarian way in the past are still valued nowadays independently of the transition of stream uses presented in the previous section, which is an interesting aspect to be explored in further research.
Another interesting relationship is the correlation between the number of use values and the NH 4 + content in the moss (Table 2) : the higher the levels of NH 4 + in the water, the lower the values recognized for the corresponding stretch of river. Ammonium is a pollutant indicator of eutrophication and N enrichment in streams. It is important to note, however, that due to the low number of sampling for NH 4 + levels (N = 9), further research is required before conclusions can be drawn about this relationship. This trend is nevertheless interesting.
Finally, correlations also indicate that an increase in As contamination is significantly related to an increase in the number of identified lost use values. Because previous studies in the area (Branquinho et al. 2007) showed a relationship between the concentration of As in mosses and the areas of pasture and the number of cow equivalents on the property, the relationship found now is in line with the transition of uses shown in the previous section. Arsenic contamination has been also connected to cattle in other contexts, particularly through the use of disinfectant compounds for ticks and other pests (Smith et al. 2003) .
Human Shaping of Streams
In order to characterize landholders' stated practices regarding stream management, frequency of the practices surveyed in the interviews is shown in Table 3 .
Results clearly show that the major interventions of landholders in streams are linked to: (i) the removal of vegetation and human garbage from the stream http://www.ecologyandsociety.org/vol14/iss2/art35/ and (ii) the removal of shrubs from the stream margins, with 77.78% of interviewees who discussed practices on streams during their interview stating that these were done. In general, most people argued these two practices need to be done for three main reasons: (i) flooding prevention ("otherwise when water comes we have a problem (...) it accumulates and gets out of the waterway"); (ii) erosion prevention ("When the river level gets higher we lose soil"); (iii) waterway maintenance ("Leave streams clean of dirt present in the river bed"-dirt meaning either excess vegetation or garbage disposed in streams by other people).
Another important result is the number of interviewees who cited tree cutting as a practice: only 3.7%, which contrasts greatly with the level of landholder intervention in the shrub stratum.
The way people intervene in the streams (manually, using machinery, or using chemicals) was not discussed in many interviews and, therefore, the results are not conclusive.
Many landholders expressed their dissatisfaction with neither being allowed by the administrative authorities to clean streams without a license (which costs money and must be presented as a project), nor having the authorities doing it periodically: "Many times! [the authorities don't clean smaller streams]"; "We would like to have it cleaned (...) but someone, if we intervene there, will prohibit and get us fines and whatever... (...) we cannot do anything there; (...)" "it's stupid to pay a license for something that contributes to the state."
Landholders' Conceptualizations of Streams
To understand why people manage stream vegetation the way they do, this section is devoted to an exploration of the different conceptualizations of streams emerging from the interviews.
The value of the tree stratum and microclimate created by riparian forests was highlighted by interviewees. Some sample statements are given below: q Everything is cleaned, only trees are there now. And now it's even those trees that protect the rest, blackberry is gone. All gone. It just stays what gives beauty to the stream, which are trees that were planted. Alders, ashes, sessile oaks, and all those things I planted. It's an area where we feel better the importance of water than in other areas (...) it's an area that has special characteristics and is greener than any other area, even the type of vegetation. It's not only the cork oak or the holm oak; instead there are a funny variety of trees. It's an area, I would say, semi-wet. So it is very rich in terms of quality and variety of pastures and very rich at the tree level. (...) S. Cristóvão stream to me has a landscape and environmental value and everything... to me is one of the most beautiful areas in this region here. An area greener, more beautiful, richer. (...) you can find ashes, poplars, alders, etc.
At the same time, more negative attitudes regarding the shrub stratum are also apparent: Table 2 . Correlation between (i) ecological indicators: concentration of the following elements measured in the mosses: copper (Cu) (µg/g DW), zinc (Zn) (µg/g DW), manganese (Mn) (µg/g DW), iron (Fe) (µg/ g DW), lead (Pb) (µg/g DW), nickel (Ni) (µg/g DW), arsenic (As) (µg/g DW), total nitrogen (N) (%/DW), the ratio between total carbon and total nitrogen (C:N), ammonium (NH 4 + ) (µg/g DW); vitality indicator of the mosses measured by Fv/Fm in relation to the control per season (%); and the QBR index total score (QBR Total -%) and its four components (TRC = total riparian cover, CS = cover structure, CQ = cover quality, and CA = channel alteration; ranging from 0-25%); and (ii) The high value given to the tree stratum is in accordance with previous literature. Kenwick et al. (2009) found that for both planners and residents tree buffers earned the highest preferences out of various buffer types in riparian areas, in both rural and suburban settings of counties in the midwestern United Sates. It is also in accordance with several values and uses identified in previous sections, from aesthetics to microclimate and shading, for example.
The reasons for the devaluation of the shrub stratum could be diverse. In the previous section, it was presented and discussed that shrub removal is meant to prevent flooding and erosion, and keep the waterway in good condition. This devaluation could also have a cultural factor linked to the aesthetics of the surrounding landscape-the montadowhich is the agro-silvopastoral landscape dominant in the region over several generations. Montado is a savannah-like landscape, dominated by evergreen trees (cork oak and holm oak) and shaped by man over centuries of traditional land-use practices. These traditional practices (grazing and regular ploughing) interfere with the establishment of a shrub stratum, leaving it little developed or nonexistent. Moreover, as the statements above suggest, the shrub stratum in streams might be associated with an increased exposure of farm animals to native predators and wild animals such as boars, Egyptian mongooses or foxes, which can then reach the farm more easily. http://www.ecologyandsociety.org/vol14/iss2/art35/ A table with the full citations found for describing landholders' conceptualizations of streams is in Appendix 2, in which it is possible to identify the importance of two main hydrologic functions: the drainage capacity of the stream, and the stream as a source of water. These hydrologic functions, together with the cited aspects of riparian vegetation cover, were the two central ideas in the conceptualization of streams arising from the interviews.
Human-Nature Relationship in Monfurado Streams and Water Management
The study analyzed the human-nature relationship in Mediterranean streams through the characterization of the ecological status and the social role of streams and their linkages and interactions, in a context of land-use conflict between conservation and farming. It searches for key features in the interaction between social and ecological dimensions that could aid natural resource management by combining methodologies from the http://www.ecologyandsociety.org/vol14/iss2/art35/ natural sciences and from the social sciences and integrating landholders' and experts' knowledge.
Interactions between social and ecological dimensions were shown to be important, which is in accordance with previous studies, e.g., Settle et al. (2002) , who show that a model that integrates ecosystems and economic systems considering the bidirectional relationship between them provides a better analysis and prediction of ecological impacts from human actions than a model that ignores them.
Overall, the analysis revealed that riparian vegetation cover has a central and structural role in the human-nature relationship in Mediterranean streams of Monfurado, as is shown by the Results, and might, therefore, have an important role in improving management. At the same time, vegetation cover (i) is structural for ecological status and resilience of streams and is fundamental for microclimate, contributing to ecological functions of habitat, humidity and temperature regulation, ecological corridors, sink, source, filter and barrier (FISRWG 1998); (ii) scarcely exists along many streams according to the integrity biotic index used, but is structurally and qualitatively in satisfactory ecological status where it exists (Table 1) ; (iii) might be linked with pollutants found in significant quantities in surface water such as Fe, Mn, Cu, As, NH 4 + and the C:N ratio (Table 1) ; (iv) is an important input for economic activities of the area-wellestablished vegetation cover (tree and shrub strata) is of utilitarian and economic advantage (Figs. 2 and 4); (v) is promoted, at the tree stratum level, from the landscape, well-being, and aesthetic points of view of landholders (Appendix 2); and (vi) is not directly threatened by landholders' stated management practices on the streams at the level of the tree stratum, but is threatened, however, at the level of the shrub stratum (Table 3) , as is confirmed by the riparian vegetation status (Table 1 ).
The IBI revealed that total riparian cover was the weakest feature in terms of the streams' ecological conservation status, making it evident riparian vegetation cover is scarce in many streams, but is structurally and qualitatively in satisfactory ecological status where it exists (Table 1) . This might result in a diminution of the filtering capacity of in-flowing water by the streams. This contributes to the presence of pollutants in the water such as Fe, Mn, and Zn, which were significant and correlated to run-off and sediments. It also contributes to Cu, As, NH 4 + , and the C:N ratio, which are significant and correlated to land use around the streams, as discussed in the first section.
There was a transition in the use of rivers, which previously addressed mainly basic needs like food provision (fish and water for human consumption) and personal hygiene, and is contemporaneously mostly connected to current economic activities (microclimate protection in the summer and source of water for extensive livestock production; sport hunting) (Figs. 2, 3) . The results identified important economic uses of streams that are connected to important ecological features of streams, like riparian forests, which are used for shade and microclimate, which protects cattle during the summer.
The relationship found between total riparian cover and the number of utilitarian values and particularly economic ones ( Fig. 4 ; Table 2 ) is very interesting for improving management. It may work as a conciliation point between conservation and economic development once features of the ecosystem that both perspectives would have interest in preserving are identified.
Established riparian forests correspond to high levels of total riparian cover (although the opposite is not necessarily true) and assume a central and important dimension throughout the study of the human-nature relationship. The previous section showed that landholders' conceptualization of streams is deeply linked with riparian forests: they particularly favor the tree stratum and also the microclimate created by these forests, but do not value the shrub stratum. The reasons for this devaluation were discussed in the previous section and may range from aesthetic factors to associating the shrub stratum with flooding, providing wild animals with access to farms, and erosion.
Although the lack of value given to shrubs does not agree with the concepts and ideals about streams issuing from ecology and from conservationists (FISRWG 1998) , the value given to the stream stratum and the importance of microclimate created by riparian forests is recognized by landholders and coincides with those concepts and ideals. Furthermore, trees are almost unaffected by landholders' stated practices on streams (Table 3) , substantiating this concordance and the above suggestion of a conciliation point. The shrub stratum Ecology and Society 14(2): 35 http://www.ecologyandsociety.org/vol14/iss2/art35/ -highly modified and devalued by landholders, but at the same time of conservation and ecological value-would, however, represent a conflict point.
In this way, overall, total riparian cover assumes a key structure role in social-ecological riparian systems management in Monfurado to be further developed. It provides a potential conciliation point at the tree stratum management level and an evident conflict point at the shrub stratum management level in the conflict of uses mentioned.
As in the case study, the implementation of conservation efforts in an area frequently requires adaptation from remaining land uses, often highlighting conflicts among users as a result. These conflicts, widely addressed by NGOs, and scientific and state institutions, may result in unsuccessful implementation of conservation plans.
The answer to these situations could be a process of social learning where existing knowledge and practices from all users are expressed and shared and where new knowledge, practices, motivations, and values are allowed to emerge collectively, resulting in a common and coherent strategy in the transition toward better management (currently, different actors in the case study are working in different directions). This approach ties in with the promotion of collaborative strategies widely addressed by the literature, which Nkhata et al. (2008) emphasize and propose as a means of addressing problems in the scope of socialecological systems, paying attention to the need for social actors to work together to enhance the capacity of social-ecological systems to cope with intermittent shocks.
In this context, the stated finding about the potential role of total riparian cover is of great value for management, as it represents a base for dialog, either mediated or direct, between different perspectives with their own motivations, values, and practices, sometimes concordant, sometimes not. Dialogs have been shown to be important for establishing social learning in participatory constructions (Nielsen and Nielsen 2006) . The current study pointed out the basis for dialog; in a further perspective, the dialog could become a point of departure for continuous participatory social learning with a long-term democratic perspective for natural resource management framed in a coevolutionary approach to social-ecological systems.
The long-term perspective being introduced conforms to the idea that sustainability cannot be a static objective (Rammel et al. 2007 ), instead, sustainable development is an open evolutionary process of improving the management of socialecological systems through trust building and knowledge. It must be considered in the long run and at a relatively deep level of change in society. Nkhata et al. (2008) have underlined that most studies adopting collaborative strategies to address problems in social-ecological systems, with a few exceptions, have not given explicit attention to the changing nature of long-term social relationships.
CONCLUSION
This research studied the human-nature relationship in Mediterranean streams as a way to address the need to focus on social-ecological interactions and local knowledge. Its main objective was to improve the understanding of Mediterranean streams and, at the same time, to provide practical inputs to enhance local-level management through the cited analysis. By doing so, the study also intended to illustrate that an effort to diminish disciplinary-sector and knowledge-type boundaries benefits natural resource management.
Results characterized the connected systems from both the ecological and social points of view, which helped identify priority targets for management. It also characterized the relationship between both dimensions. The analysis identified a key structural element in the human-nature aggregate of Mediterranean streams in the Monfurado region: well-established riparian vegetation cover. This improves levels of knowledge about the humannature relationship and contributes to natural resource management, as this structure might have a central role in the dialog between the conflicting land uses discussed.
The advantage of focusing on the human-nature relationship in the analysis was to enhance the understanding of underlying processes of equilibrium in coupled social-ecological systems by looking at the interactions from the perspective of the whole. Concluding that well-established riparian cover is a key structural element illustrates this and was enabled by the theoretical approach. Interactions between social and ecological dimensions were shown to be important and contributed greatly to the findings. http://www.ecologyandsociety.org/vol14/iss2/art35/ The findings were clearly supported by the integration of different types of knowledge. Combining natural and social sciences and experts' and lay people's knowledge contributed to a better understanding of processes in social-ecological systems. It was possible to realize that adopting a practice-oriented natural resource management perspective facilitates transdisciplinary integration. This was a major finding of this study. Furthermore, the combination of qualitative and quantitative information was relevant to understand reality more consistently, as it allows the analysis to cover different aspects of it.
Although the primary focus of the study was on exploring the contributions from the human-nature relationship analysis and the interactions between social and ecological dimensions, it is also important to stress that the adoption of different disciplinary perspectives and methodologies in the analysis allowed some depth and detail in the assessment and study of each part of the system as well.
The work has produced information with potential for future management of Mediterranean streams of the Natura 2000 Network, particularly regarding the conciliation of farming and conservation. Results have shown that there are common interests between the two groups, and there may be less antagonism than initially thought. This finding highlights the importance of sharing agendas between environmental and agricultural sectors as a strategy in natural resource management.
Further dialog between these groups from a socialchange perspective is signaled as having potential to improve natural resource management. Among the most important conclusions of the study is the need to consider social change in order to improve natural resource management in the area. This suggests that social change and environmental management may often be fundamentally linked, which is a great challenge to applied environmental sciences.
The involvement of landholders in the work was very positive. It markedly incorporated an enormous amount of knowledge and visions that would otherwise be inaccessible, and it identified a basis for dialog, out of which a point of departure for the referred social change may arise. Availability to listen and to dedicate time to this task is crucial for its success.
Finally, the value of specific human-nature interactions' diversity over space should be emphasized-it enforces resilience and adaptive capacity in a changing world context; it should be preserved. Community to which they belong to Region to which they belong to
